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Abstract. Solar energy is a source of free and clean energy that has no harmful 
environmental effects. Simple applications of new technologies such as 
nanotechnology are a cost-effective way of using renewable energy, which has 
led many industries to invest in this area. In this descriptive-analytical study the 
utilization of solar energy in a hot and dry region of Iran was investigated as a 
useful and safe resource for supplying the energy needed for the construction of 
Parand town, considering the available climatic potentials. The statistical 
population in this study was a group of inhabitants of Parand town, employees of 
the Tehran Construction Engineering Organization and experts in the field, from 
which 384 participants were selected by simple random sampling. After 
collecting field information through a questionnaire, the relationships between 
the variables of the study were tested by SPSS. The result of the study showed 
that the most important achievements of using nanotechnology for solar energy 
in view of the sustainable development of building construction from the 
participants’ perspective were photovoltaic coating on building roofs (58.7% of 
the participants’ responses), nano solar water heaters (57.4% of responses) and 
active solar cell dryers (22.1% of responses) respectively. 
Keywords: energy saving; nanotechnology; Parand town; solar energy; sustainable 
development. 
1 Introduction 
The transition towards an energy system characterized by a high share of 
renewable energy sources (RES) is necessary to drastically reduce carbon 
emissions and avoid climate-change related risks. Buildings have a great impact 
in terms of carbon emissions in the EU [1], the US, and globally [2]. Moreover, 
the issue of resource efficiency in the building sector [3] is becoming 
increasingly urgent, highlighting the need for a systemic view and adequate 
policies as well as adjustments in the energy market [4]. According to statistics, 
the building sector accounts for approximately 40% [5] of primary energy 
consumption and 32% [6] of total carbon emissions. Thus, effective utilization 
of locally available renewable energy sources is seen as an important measure to 
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reduce fossil fuel consumption in buildings and cut associated carbon emissions 
[7]. 
Additionally, the global rapid urbanization trend determines the need for 
concentrating research and development efforts on subject of the built 
environment. From a practical standpoint, actions have to be prioritized, i.e. 
defining policies that are able to cope effectively with the underlying problems 
and realistically considering technical, economic, social and environmental 
constraints. The transition from the present environmental, economic and 
societal paradigm to a sustainable one is a great challenge that requires a multi-
disciplinary approach to innovation in which civil society organizations, 
industry, governments and academia work together in a quadruple helix model 
[8,9] to share knowledge and data among each other [10].  
The assessment of residential building energy consumptions is one of the key 
aspects of energy management in urban areas [11], considering the primary 
energy consumption (PEC) and the renewable energy fraction [12]. Among 
renewables, solar energy is usually the first energy source used in buildings to 
improve their energy sustainability and to reduce their consumption of fossil 
fuels [13].   
Today, optimized exploitation of the potential possibilities and power resources 
of each nation in the framework of goals related to the human living 
environment is one of the main local, national and international concerns. This 
matter is especially important in arid and semi-arid regions of the world, for 
example the new cities around Tehran (Iran), including the new town of Parand. 
The reasons for this are the vulnerability of its biological resources and the 
fragility of the ecosystems in this region because of the creation of short-lived 
climatic pollutants, exacerbated landslide hazard, noise pollution, underground 
water pollution, solid waste pollution, and also pollution increase in the wider 
region, which threaten the natural environment of this town. Due to the fact that 
these forms of pollution will gradually affect the physical form and the norms 
and behaviors of these communities, the use of different technologies for the 
provision of welfare, cost savings and environmental pollution reduction is 
important.  
Understanding and recognizing transformational technologies can structure and 
develop the national planning of many countries across the world [14]. Since 
the main energy resources used in Iran are fossil fuels, especially oil and gas, 
which will continue to be mined the next few years without coherent planning 
of resource use, the importance of using solar energy is felt more than ever 
before. Such resources are fundamentally consistent with nature, do not lead to 
contamination, are renewable and there is no end to them. Optimum utilization 
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of this enormous source of renewable energy can be provided by using new 
technologies, specifically the currently emerging field of nanotechnology [15]. 
‘Nano’ is a prefix that comes from the Greek word nanos, which means ‘very 
small’ or in a technical sense one billionth (1 × 10-9) (see Figure 1). 
Nanoscience is the study of nanoscale phenomena, generally between 1 nm (the 
same size as a molecule consisting of 10 iron atoms, i.e. 100,000 times smaller 
than the diameter of a human hair) to 100 nm. In other words, it is the 
understanding of the fundamental structure of atomic and molecular particles 
(see Figure 2) [16,17].  
Nanotechnology literally means technology of the very small, but this definition 
cannot convey its true meaning, because it suggests that it only deals with very 
small objects. Very small objects have been made in the past but that process 
was not known as nanotechnology. Making devices consisting of several 
billions of smaller units is considered only one of the dimensions of 
nanotechnology. Nanotechnology is the world’s movement towards the 
transformation of structures (everything based on atoms and molecules, 
including building objects). It is the development and use of structures and 
devices of 1 to 100 nm diameter, in other words, the use and control of 
nanoscale particles for specific purposes [18-19]. This technology is a 
comprehensive design science based on knowledge of nanoparticles, a science-
technology that monitors physical manipulation at dimensions of one-billionth 
of a meter [20-21]. 
The 20-year development vision of the Islamic Republic of Iran places much 
emphasis on academic development in new areas, especially nanotechnology, 
biotechnology, information and communication technology, nuclear technology, 
environmental and aerospace technology so that Iran will be able to take first 
place in economic, scientific and technological fields in the Southwestern Asian 
region (including Central Asia, Caucasus, the Middle East and neighboring 
countries) [22]. Nanotechnology is a whole future, not a single part of it. It will 
play a major role in the development and completion of other sciences [23] and 
is currently one of the most advanced technologies. It has the potential to cause 
a revolution and achieve a high strategic position among all sciences and other 
fields, including economics, industry, security, military science, agriculture and 
medicine.  
Solar energy is a source of free and clean energy that has no destructive 
environmental effects. In view of the energy crisis of recent years it is of great 
importance to reduce energy consumption, control the supply and demand for 
energy replace the use of fossil fuels with this renewable energy for sustainable 
development [15]. Thus, the use of radiation and temperature criteria plays a 
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more prominent role in the design of residential buildings. The new architecture 
in the cities of Iran, influenced by foreign examples with other climate 
standards than those of the country itself, is characterized by energy-wasting 
buildings. 
 
Figure 1 Length scale and some related examples [24]. 
 
Figure 2 The nanoscale [25]. 
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Although solar radiation energy has always played a significant role in the 
architecture of buildings, no detailed information on climatic conditions and 
solar radiation within the country is available, in the absence of direct 
measurements. Thus, the introduction of related climate standards would meet 
urgent needs of engineers in the field [26]. Accordingly, it is important to 
identify the current environmental problems in relation to the fast construction 
process in the city of Parand. This study investigated the appropriate use of 
solar energy for providing the energy needed for the buildings by applying 
nanotechnology, considering its performance and efficiency, its application 
according to the local geographical and climate characteristics and its potential 
in terms of receiving solar energy in order to optimize fuel consumption and 
reduce environmental pollution in order to provide the inhabitants with 
maximum comfort and subsequently, from a more general perspective, to 
increase the quality of the urban environment [14]. 
2 Problem Statement  
Increasing urbanization in Parand and the rapid extension of the city in response 
to the population surge has led to densely populated gathering places, high 
consumption of natural resources, high pollution rates and a high share in 
environmental destruction. Accordingly, urban problems are increased, so that 
urban land use and housing have become a challenge for the inhabitants [27]. 
This continuous retrogressive path results in a loss of urban environmental 
quality. Since urbanites place high demands on the city’s physical capacity in 
terms of receiving services, this process can be considered a driving force of 
more instability of urban settlements. Therefore, problems such as pollution of 
air, water and soil, air heating escalation by human-made activities are observed 
and urban communities in the future will be faced with more and more serious 
problems. Therefore, direct attention to environmental management in urban 
areas is inevitable to improve this situation and create a favorable environment 
[28].  
Negative effects of wrong planning, especially in the field of urban 
development, due to building intensity, high expansion rates in time and place 
can reduce environmental quality and destroy natural (rivers, wetlands, forests 
and meadows) and quasi-natural (agricultural lands and orchards) structures 
within and around cities, reducing the biological diversity and ecological 
stability of the region. Thus, it is necessary to pay attention to ecological and 
environment principles in the planning process for this type of development 
[29]. 
Using various different technologies with respect to the environmental and 
climate potentials of Parand is important to create wellbeing, comfort, cost-
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savings and reduce environmental pollutants [30]. Since understanding the 
enormous capabilities of nanotechnology has led to structuring and developing 
national programs in many countries, the application of this revolutionary 
technology is expected to be very effective in the use of natural resources, such 
as energy and water. It would reduce the production of waste and pollution and 
provide the possibility of recycling and reusing materials, energy and water 
[31]. Using nanotechnology for solar energy in Iran is feasible due to the 
geographical and climatic characteristics of its hot and dry areas and the 
available potential of receiving solar energy [32]. 
3 Geographical Location of Parand Town 
Parand, the southernmost of the southern suburbs of Tehran, is located about 40 
kilometer southwest of Tehran (Figure 3) and about 10 kilometer west of Robat 
Karim city. The population centers and agricultural lands are located in its 
northern part. 
 
Figure 3 Location of Parand in relation to the metropolis of Tehran. 
Parand has been constructed to accommodate part of the overflow population of 
the southwestern part of Tehran, while also establishing a number of transition 
industries from the industrial area of Tehran. It consists of two residential and 
industrial areas (Table 1). 
       Using Nanotechnology for Solar Energy in Buildings 109 
Table 1 Geographical location of the town and its surroundings. 
Geographical location of the town 
and its surroundings 
Southwest of Tehran and the southern slopes of 
Takht Rostam at 1200 meters above sea level 
Climate situation of the town Semi-arid desert 




Topographic and slope constraints in the north and in 
parts of the city 
Shoor (salty) River and its floodplain in the south 
Climate Large fluctuations in temperature during the seasons of 
the year and increasing physical erosion 
Status of faults 
and earthquakes 
Location of all lands of Parand in an area with high risk 
in zoning done by the International Institute of 
Seismology and location of the lands of Parand in the 
area with high and very high risk according to the 
research center’s data 




Diversity of topographical characteristics 
Appropriate slope to collect and direct surface water to 
the city 
Flat and low slope lands of Parand in the north-west for 
city development 
Soil Lack of agriculture within the city range and land development 
Climate Relatively good thermal bioclimatic conditions Appropriate wind blowing from the Shariyar 
Hydrology and 
Geohydrology 
Shoor (salty) River with the possibility of beach 
buildings and beautification of the riverbank 
Water supply Stepwise by Tehran regional water company from regional water resources 
4 Materials  
The first generation of solar cells was based on a single crystalline 
semiconductor wafer. The second generation utilizes an inorganic thin-film 
structure in cell assembly. They are cheaper to produce, but the efficiency of 
less than 14% of amorphous thin-film solar cells is lower than that of the single 
junction crystalline solar cells from the first generation, which can be as high as 
27%. Theoretically, single junction cells should be able to exhibit a maximum 
efficiency of ±33% [33], a limit set by Shockley-Queisser thermodynamics. 
Thus, a new solar cell technology is required to achieve efficiencies greater than 
33%, with lower production costs. This is made possible by the third generation 
of solar cells [34], which will deliver economic, highly efficient cells in the near 
future (Figure 4) [35]. 
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Figure 4 Solar cell technology status and prospects [36]. 
Polymeric solar cells are a type of photovoltaic cells that are attractive because 
of their numerous potentialities, including low weight, flexibility, affordable 
construction and possible large-scale preparation. Some innovations, such as the 
use of nanostructures in the solar cell architecture as an active electrode or 
material, have been introduced to increase the efficiency of the photovoltaic 
cells. The use of nanostructures is much more effective because of their high 
surface area to volume ratio, which increases the amount light absorption and 
the number of transport carriers, thus improving efficiency. 
The nanosolar industry has developed a technology for fast and easy printing of 
solar cells using nanoparticles and quantum dots. Since these cells can be easily 
printed on flexible metal foil at the desired size, they can be used to install the 
necessary circuits on the roofs of buildings to supply part of their energy [37]. 
Titanium dioxide is a common substance for photovoltaic coatings. It is a non-
specific light transmitter and an ultraviolet light absorbent. The first feature 
makes titanium dioxide a very good material for the color white, while the 
second one is also self-cleaning and provides protection against ultraviolet 
properties. Thus, titanium dioxide applied on the roof of a building can be used 
to produce electrical energy by harvesting sunlight. 
Many applications of nanotechnology contribute to its major importance in 
providing solutions to reduce energy consumption, especially with regard to 
advanced construction materials [23, 38-40], such as glass treated with a 
nanocoating, which helps to reduce heat transfer through the building envelope 
(Figure 5). The use of standard 6 mm clear glass in glazed facades leads to high 
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thermal loads in indoor spaces, increasing energy consumption inside the 
building for cooling [41,42]. Glass windows can be insulated using a 
nanocoating, optimizing heat exchange, and giving the glass low emission 
properties. Thus, the potential of nanotechnology in reducing energy 
consumption is undeniable [37]. Scientists have also succeeded in making 
windows that use ultracapacitors. These are embedded inside electronic 
windows capable of changing color to absorb and store light. The glass darkens 
and limits light transmission when the window’s full capacity is reached. Thus, 
the amount of light entering the house and its temperature are controlled. The 
stored energy can be used by electronic devices, for example television 
displays. One of the advancements yet to be supplied to the market are anti-
reflective coatings for flat glass for use in solar collectors or glass walls of 
buildings to increase the light transmission. Merck Co. is one of the industrial 
manufacturers of glass that provides anti-reflective properties using a type of 
nano-cavity coating. It is expected that the loss of reflected light will typically 
be reduced from 8% to 2% in the glass panels [43]. 
 
Figure 5 Glass treated with nanotechnology [42]. 
Students of MIT have created tiles that change color based on temperature 
change: when it is hot they become white and reflect much of the sun’s heat and 
when it is cool they become black and absorb heat [37]. Self-cleaning 
nanocoatings that can be applied in the construction industry are able to absorb 
ultraviolet radiation through titanium dioxide. By absorbing ultraviolet radiation 
in the presence of water molecules, these nanoparticles can produce active 
oxygen components that can effectively eliminate bacterial films and break 
down organic molecules and pollutants attached to the surface [44]. 
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Solar thermal energy can be used to provide hot water in homes and public 
places [15]. Tayefe, an electronics student, is one of the inventors that have 
succeeded in designing and producing a solar water heater using 
nanotechnology. His water heater design uses nanotechnology, magnetic waves 
and mineral rocks. The nanoproperties of the water heater allow for 30-40% 
faster heating [45]. Polymer nanocolors can be used for thermal and anti-
corrosion insulation of walls, ceilings, installations, pipes, and tanks. This paint 
can be applied using very simple methods, such as spraying, rolling or brushing, 
and provides thermal insulation. Nanocolor insulation is used in the industrial 
and construction sectors in the form of a thin (micron size) layer of thermal 
insulation [46]. 
The use of solar forced convection dryers can accelerate the drying process 
three times the normal limit and decrease the required collector area by 50%. 
Therefore, the performance of these dryers is about six times that of previous 
ones. The drying system’s fans can take their power from the electrical grid or, 
if electricity is not available, photovoltaic panels can supply the fans with the 
required power. 
5 Methods 
This paper reports an applied descriptive-analytical study that used a 
questionnaire and interviews to collect data. Data were also gathered by library 
documentation and field study. The statistical population of this study was a 
group of inhabitants of Parand town and employees of the Tehran Construction 
Engineering Organization and experts in the field, from which 384 participants 
were selected by Cochran formula and simple random sampling. The study 
investigated the following variables: nanosolar water heaters, self-cleaning 
covers, smart windows (polyaniline nanowire arrays), anti-reflective coatings, 
polymer nanocolors for thermal and anti-corrosion insulation, nanostructures in 
polymer solar cells, low emission nanoglass, active solar cabinet dryers, 
photovoltaic coatings on the building ceilings, and nano color-changing tiles for 
preventing energy loss. The objective was to understand the extent of the use of 
solar energy through nanotechnology in designing and constructing residential 
complexes in Parand and its most essential achievements for increasing 
environmental quality, decreasing destructive and harmful impacts, and 
reducing energy use in view of sustainable development. The data were 
analyzed by statistical analysis software and by comparing the relative 
importance of the variables. 
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6 Discussion and Findings 
Today, various technologies are used to provide more comfort and better 
environmental effects and save costs, especially in the use of energy resources. 
The use of nanotechnology to provide appropriate materials with specific 
features in different parts of the building will have direct and indirect effects on 
the reduction of energy use and environmental hazards. Hence, nano building 
design combines the form, function, control and main facilities of a shelter in 
order to waste no energy. It can save millions of dollars a year. This new design 
approach aims to present a new type of building that is very compatible with its 
environment. 
Hypothesis 1 of this study states that using solar energy through 
nanotechnology in the construction of residential complexes is impossible for 
developing environmental sustainability and decreasing energy use. The 
participants were asked 10 questions about nanotechnology applications for 
sustainable development in order to test hypothesis 1 of this study: 
1. Nanosolar water heating in home-heating systems. 
2. Self-cleaning covers for reducing absorption of environmental dirt and 
pollution. 
3. Smart windows (polyaniline nanowire arrays) for adjusting the amount of 
light entering the house and controlling its temperature. 
4. Anti-reflective coatings for decreasing reflective radiation loss. 
5. Polymer nanocolors for thermal and anti-corrosion insulation. 
6. Nanostructures in polymer solar cells. 
7. Low emission nanoglass for reducing energy use. 
8. Active solar cabinet dryers. 
9. Photovoltaic coatings on the building ceilings to produce electricity and 
reduce energy loss. 
10. Nano color-changing tiles for preventing energy loss. 
The results extracted from 384 questionnaires (Table 2 shows the data) indicate 
that the most important achievement of the use of solar energy using 
nanotechnology to develop residential complexes is related to photovoltaic 
coatings on the roofs buildings (58% of the responses) and nanosolar water 
heaters (57.4% of the responses). The weakest achievement was found to be 
active solar cabinet dryers (1/22 % of the responses). 
The results showed that the effect of these applications was slightly higher than 
the average expected level, so that among the 10 factors mentioned in this 
study, all factors were slightly higher than three (Table 3). 
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Table 2 Percentage of participants’ responses to the research variables. 
Question Very Little Little Average Much Very Much 
Question1 15.7 13.4 13.5 34.3 23.1 
Question2 17.6 9.8 29.1 25.9 18.5 
Question3 20.6 27.4 19.3 16.8 15.9 
Question4 13.3 15.8 19.8 30.5 20.6 
Question5 22.7 29.5 10.7 15.7 21.4 
Question6 19.4 28.7 22.6 15.5 13.8 
Question7 26.2 32.7 20.3 7.3 13.5 
Question8 14.3 7.8 31.5 27.9 18.5 
Question9 17.3 11.3 12.7 37.5 21.2 
Question10 15.2 9.6 25.2 29.2 20.8 
Table 3 Comparison analysis of average participants’ comments on 
achievements of nanotechnology use in the development of residential complex 
in Parand. 
Variables of the 
research 
 Test Value 
(expected means) 
Mean 
(observed means) T Sig. 
Nano solar water heater 3 3.30 4.634 0.000 




3 3.43 8.536 0.000 
Anti-reflective coatings 3 3.15 0.717 0.000 
Polymer nanocolors for 
thermal and anti-
corrosion insulation 
3 3.41 5.476 0.000 
Nanostructures in 
polymer solar cells 
architecture 
3 3.25 4.278 0.000 
Low-emission nano-
glass 3 3.32 5.942 0.000 
Active solar cabinet 
dryers 3 3.65 12.409 0.000 
Photovoltaic coatings 
on the roofs of 
buildings 
3 3.16 4.083 0.000 
Nano color-changing 
tiles to prevent energy 
loss 
3 3.32 8.727 0.000 
This means that – in spite of the relatively proper scientific and educational 
activities that have been performed to develop knowledge in the field of 
nanotechnology in Iran in recent years – practitioners, authorities and users have 
not yet addressed the effect of the application of nanomaterials in parts of the 
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building and architectural elements to achieve maximum comfort and energy 
savings, reduce environmental pollutants and solve construction industry 
problems. Thus, attempts to inform, train and achieve high efficiency in the use 
of nanotechnology for sustainable development in the construction industry 
should be enhanced. 
The comparison results of a sample t-test showed that the observed means 
(33.30) was higher than the expected means (30) (Table 4). Therefore, 
hypothesis 1 (‘the use of solar energy through nanotechnology for sustainable 
development of buildings in Parand is impossible’) was confirmed at an error 
level of 0.01. 
Table 4 Comparative one sample T-test. 
One-Sample Statistics 
Calculated average of 
the research 












  One-sample Test 
 Test value = 30 
Analysis of 
variance of 10 
research questions 
T df Sig. (2-tailed) Mean Difference 
95% Confidence 
interval of the 
difference 
Lower Upper 
10.533 382.0 0.000 3.44010 2.6779 4.2101 
Therefore, the following suggestions are presented based on changing the 
current approaches to construction in Parand, which does not yet benefit from 
nanotechnology, as well as promoting and expanding the use of nanotechnology 
for sustainability in the construction of future buildings in Iran: 
1. Incorporating theoretical and practical discussions related to different 
technology frameworks in academic courses to promote the use and 
exploitation of nanotechnology in the construction industry and learning the 
benefits of using nanotechnology for solar energy in future projects. 
2. International cooperation to facilitate and accelerate research and 
development activities and support new small and medium nano companies 
to develop this technology for the construction industry. 
3. Paying attention to the use of nanotechnology for solar energy and 
modeling the application of nanotechnology in developed countries. 
4. Improving awareness of authorities, practitioners and users of the benefits 
of using nanotechnology for solar energy, especially in the areas of control 
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of supply and demand for energy, reducing energy consumption and 
environmental effects. 
5. Increasing public confidence in using nanotechnology in private and public 
constructions to save energy and reduce environmental hazards. 
6. Holding workshops and promoting the achievements of the use of 
nanotechnology for solar energy in construction in the entire country. 
7. Inviting engineers and specialists in nanotechnology from developed 
countries to Iran and providing practical training to local engineers in order 
to institutionalize and increase the motivation to use nanotechnology in 
future construction. 
8. Taking into account appropriate government funding and large investments 
to implement studies and research on the application of nanotechnology in 
the use of solar energy in the construction industry. 
7 Conclusion 
Every city is the manifestation of environmental, economic, social, cultural and 
physical requirements ruling on them. The current rapid expansion of Parand, 
its increasing residential population, the lack of using proper construction 
technologies in creating the environmental and structural elements in urban 
space, the lack of sustainable planning that pays attention to the importance and 
potential limitations of the natural environment given that gaining more 
economic profit only increases the speed of construction, will cause a great deal 
of irreparable environmental damage. On the one hand, all these factors will 
increase the cost of municipal services and utilities and lead to urban 
infrastructure not being provided. On the other hand, the surrounding farm lands 
will be destroyed due to the development of the city. 
Solar energy is a source of free and clean energy that has no destructive 
environmental effects. It is of high importance to replace fossil fuels with this 
renewable energy source. Iran’s geography makes it possible to use the 
maximum amount of solar energy in different parts of the country throughout 
the year, such as the hot and dry area of the new town of Parand.  
Solar energy can be optimally utilized by appropriate application of 
nanotechnology, such as polymer solar cells, photovoltaic coatings, low 
emission glass with a nanocoating, smart windows (polyaniline nanowire 
arrays), nano color-changing tiles, self-cleaning covers, polymer nanocolors for 
thermal and anti-corrosion insulation, nanosolar water heaters, active solar 
cabinet dryers and anti-reflective coatings in residential complexes. The 
contribution of nanotechnology innovations to different types of construction 
materials and products is an important factor in support of the choice for such 
technological solutions in building design from an eco-efficient perspective.  
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It is already possible to identify in certain types of nanostructured materials a 
significant response to the need of reducing the environmental impacts of 
industrial processes in the construction field. An increased ability to control and 
manipulate different types of materials at the nano scale will primarily result 
from a strengthening of the instruments through which the mechanisms that 
determine their chemical-physical characteristics and final properties are 
investigated and understood. This will make it possible to significantly modify 
conventional construction methods as well as building performance and 
appearance. This energy source, which has no harmful environmental effects, 
should be used optimally as an investment in a better future, because it is 
essentially compatible with nature, does not pollute, is renewable and there is no 
end to it. 
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